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Abstract
Introduction of ticks into the United States that can carry disease-causing pathogens to humans, 
companion animals, and wildlife has accelerated in recent years, mostly due to globalization, 
frequency of travel, and a rise in legal and illegal animal trades. We hereby report for the first time 
introduction of a live fully engorged Amblyomma coelebs feeding on a human into the United 
States from Central America. Amblyomma coelebs is geographically distributed in the Neotropical 
region and reaches the southern states of Mexico. This species is capable of transmitting a number 
of pathogens of public health and veterinary importance including spotted fever group rickettsiae, 
raising concern that A. coelebs, if it became established in the United States, might also be able to 
carry these pathogens. Considering the risks of exotic ticks as vectors of numerous pathogens and 
their potential to establish new populations under conducive climatic and habitat conditions, 
rigorous inspection practices of imported livestock and pet animals at ports of entry are vital. It is 
also important for travelers and practitioners to develop a heightened awareness of the public 
health risks associated with the unintended importation of exotic ticks and the potential such 
parasites have for breaching United States biosecurity defenses.
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globalization, frequency of travel, and rise in legal and illegal animal trades (Keirans and 
Durden, 2001; Burridge, 2011). Ticks are vectors of a broad range of pathogens with global 
distributions, including bacteria, protozoa, filarial parasites, and arboviruses (Molaei et al., 
2018), and are responsible for approximately 95% of the reported vector-borne diseases in 
the United States every year (Eisen et al., 2017).
Of the more than 140 exotic tick species introduced into the United States, 63 are reported to 
readily feed on humans and 23 are known to transmit pathogens of public health and 
veterinary importance (Keirans and Durden, 2001; Burridge, 2011). Exotic ticks have been 
reported to be infected with a number of human and veterinary disease-causing pathogens in 
the United States, including Ehrlichia ruminantium (formerly known as Cowdria 
ruminantium) infection (heartwater), a lethal disease of cattle, sheep, goats, and deer, in 
Amblyomma sparsum collected from tortoises imported into Florida from Africa (Burridge 
et al., 2000a, 2000b; Burridge, 2001), and Rickettsia sp. in Amblyomma exornatum in a 
reptile facility in Alabama (Reeves et al., 2006).
The recent introduction and establishment of the Asian longhorned tick, Haemaphysalis 
longicornis, into the United States in 2017 (Rainey et al., 2018) highlights the enduring risk 
and consequences associated with invasive tick species of medical and/or veterinary 
importance. Reports of established populations of the Asian longhorned tick are now 
increasing rapidly along the Eastern Seaboard and westward, with it being reported from 
Arkansas, Connecticut, Kentucky, Maryland, New Jersey, New York, North Carolina, 
Pennsylvania, Tennessee, Virginia, and West Virginia (Beard et al., 2018; https://
www.aphis.usda.gov/animal_health/animal_diseases/tick/downloads/longhorned-tick-
sitrep.pdf).
A 66-yr-old male resident of North Haven, Connecticut, with a history of recent leisure 
travel to Costa Rica and Panama discovered a live tick attached to his back (Fig. 1). The 
resident’s Central American trip included visits to Coiba National Park in Panama and to the 
Osa Conservation area, Piedras Blancas National Park, Corcovado National Park, and 
Wildlife Refuge in Costa Rica. The tick was removed by a dermatologist and submitted to 
the Connecticut Agricultural Experiment Station-Tick Testing Laboratory (CAES-TTL) on 
23 March 2018 for species identification, engorgement status, and pathogen testing.
The specimen measured 5 mm in length and 4 mm in width and was identified as a fully 
engorged Amblyomma nymph upon initial morphological identification. This was followed 
by capturing dorsal and ventral images of the specimen (Fig. 2) using an AXIO Scope.A1 
(Zeiss, Göttingen, Germany) with an attached RT3 camera system (SPOT Imaging, Sterling 
Heights, Michigan). Capturing higher resolution scanning electron microscopy (SEM) 
images was not feasible due to the risk of exposing the fully engorged tick specimen to the 
SEM vacuum, sample surface charging, and beam damage.
For genetic identification, DNA was extracted from the tarsi and tibiae of the specimen 
using the DNeasy Blood & Tissue extraction kit (Qiagen, Valencia, California) according to 
the manufacturer’s recommendations. The mitochondrial 16S region of the extracted DNA 
was amplified by PCR using the method described by Ushijima et al. (2003). The PCR 
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product was then purified using a QIAquick PCR Purification Kit (Qiagen) and sequenced in 
both directions directly in cycle-sequencing reactions (Keck Sequencing Facility, New 
Haven, Connecticut) with a 3730xl DNA Analyzer (Applied Biosystems, Foster City, 
California). Sequences were annotated with ChromasPro (Technelysium Pty Ltd., Tewantin, 
Queensland, Australia) and identified by comparison to the GenBank DNA sequence 
database (https://blast.ncbi.nlm.nih.gov/Blast.cgi?
PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome). The annotated 
sequence was deposited into the NCBI GenBank (GenBank accession ). The identity of the 
specimen was determined by morphological features and genetic analysis as Amblyomma 
coelebs Neumann.
The specimen was submitted on 30 March 2018 at ambient temperature to the Rickettsial 
Zoonoses Branch, Division of Vector-Borne Diseases, National Center for Emerging and 
Zoonotic Infectious Diseases, Centers for Disease Control and Prevention (CDC), Atlanta, 
Georgia, to screen for Rickettsia spp. pathogens including those common to Central and 
South America. The tick was macerated using a sterile scalpel and DNA extracted using a 
DNeasy Blood & Tissue extraction kit (Qiagen) according to the manufacturer’s 
instructions. The DNA was examined using a pan-rickettsia qPCR assay, PanR8, as 
previously published (Kato et al., 2013), and the results did not indicate the presence of 
rickettsial pathogens. Both a positive control and a no template negative control were run 
along with the sample.
We hereby report for the first time introduction of a live fully engorged A. coelebs feeding 
on a human in the United States. Like other Amblyomma ticks, A. coelebs is a 3-host 
parasite (M. L. Levin, available at https://www.merckvetmanual.com/integumentary-system/
ticks/Amblyomma-spp.) and is geographically distributed in the Neotropics (Onofrio et al., 
2006). Adults of this species frequently feed on tapirs (Tapirus terrestris) as their usual hosts 
(Labruna and Guglielmone, 2009), but they have also been reported parasitizing a wide 
range of other hosts including humans, equines (Beldomenico et al., 2003), cattle, peccaries, 
South American foxes, wild felids, opossums, armadillos, ring-tailed cats, and various large 
rodents, and larvae and nymphs may also attach to birds (Ogrzewalska et al., 2010; Lopes et 
al., 2016; Nava et al., 2017). Reports also indicate that nymphs might be more generalists 
and exploit a larger host range that includes carnivores, marsupials, rodents, birds, and 
occasionally humans (Beldomenico et al., 2003; Ogrzewalska et al., 2009, 2010; Garcia et 
al., 2015; Sponchiado et al., 2015; Aguirre et al., 2018; Ito et al., 2018).
Given the wide host range and geographical distribution, it is surprising there has been no 
documented introduction of A. coelebs into the United States. The National Veterinary 
Services Laboratories, United States Department of Agriculture, has no record of an 
introduction, nor do any published reports exist of this species being introduced into the 
country. However, Keirens and Durden (2001) have reported on introduction of this species 
on seed imported into Louisiana, and Burridge (2011) has also made reference to this 
introduction.
Infection of A. coelebs with spotted fever group rickettsiae (SFGR), Rickettsia 
Amblyommatis (formerly known as ‘Rickettsia amblyommii’ and later ‘Candidatus 
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Rickettsia amblyommii’), has been reported from French Guyana and from the southeastern, 
midwestern, and western Amazon, Brazil (Parola et al., 2007; Martins et al., 2014; Silveira 
et al., 2015; Witter et al., 2016). As likely the most prevalent and widely distributed SFGR 
species in the Americas (Karpathy et al., 2016), R. Amblyommatis has also been reported 
from several other tick species of the genus Amblyomma, most commonly from 
Amblyomma americanum (Labruna et al., 2004, 2007; Fitak et al., 2014; Hermance et al., 
2014; Castro et al., 2015). In laboratory analysis, the WB-8–2T strain of R. Amblyommatis 
has been shown to be non-pathogenic to guinea pigs (Cavia porcellus) and has produced 
mild and transient infections in the tunica vaginalis of male meadow voles (Microtus 
pennsylvanicus) when inoculated with densely infected cell culture suspensions (Burgdorfer 
et al., 1981). Serological evidence suggests that humans develop a robust immune response 
to this organism (A. Medina and colleagues, unpubl. data; Apperson et al., 2008), and it may 
be associated with disease manifestations in some patients (Delisle et al., 2016). The 
inability of R. Amblyommatis to cause disease in guinea pigs (Burgdorfer et al., 1981), 
coupled with a lack of epidemiological evidence of human infections, suggest that this 
rickettsia species is not pathogenic to humans. However, its high prevalence in ticks may 
complicate the diagnosis and surveillance of other SFGR infections in humans (Karpathy et 
al., 2016).
Considering the risks of exotic ticks as vectors of numerous pathogens and their greater 
potential to rapidly establish new populations under conducive climatic condition and 
habitats and the availability of competent hosts (Ogden et al., 2008; Wu et al., 2016), 
rigorous inspection practices of imported livestock and pet animals at ports of entry are vital. 
Continuous monitoring of the infection status of parasitizing ticks and evaluating their 
competency for transmission of the local tick-borne pathogens could also prove important to 
protecting human and veterinary health. It is also important for travelers and practitioners to 
develop a heightened awareness of the public health risks associated with the unintended 
importation of exotic ticks and the potential such parasites have for breaching United States 
biosecurity defenses.
We are grateful to Jack L. Schlater, DVM, National Veterinary Services Laboratories, United 
States Department of Agriculture, for his contribution to the earlier version of this paper and 
for invaluable information on the biology and status of Amblyomma coelebs in the United 
States. We thank Dr. Gale E. Ridge and Katherine Dugas, CAES–Department of 
Entomology, for the light microscopy images, and the staff members at the CAES-TTL: 
Alex Diaz for technical assistance, and Mallery Breban for image editing and illustrations. 
The CAES-TTL is funded by the State of Connecticut. This publication was supported in 
part by cooperative agreement no. U01 CK000509, funded by the Centers for Disease 
Control and Prevention. The findings and conclusions in this article are those of the authors 
and do not necessarily represent the official position of the Centers for Disease Control and 
Prevention.
LITERATURE CITED
Aguirre AAR, Rodrigues VDS, Costa IND, Garcia MV, Higa LOS, Medeiros JF, and Andreotti R. 
2018 Biological parameters of Amblyomma coelebs Neumann, 1906 (Acari: Ixodidae) under 
experimental conditions. Revista Brasileira de Parasitologia 27: 81–86.
Molaei et al. Page 4
J Parasitol. Author manuscript; available in PMC 2020 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Apperson CS, Engber B, Nicholson WL, Mead DG, Engel J, Yabsley MJ, Dail K, Johnson J, and 
Watson DW. 2008 Tick-borne diseases in North Carolina: Is ‘Rickettsia amblyommii’ a possible 
cause of rickettsiosis reported as Rocky Mountain spotted fever? Vector-Borne and Zoonotic 
Diseases 8: 597–606. [PubMed: 18447622] 
Beard CB, Occi J, Bonilla DL, Egizi AM, Fonseca DM, Mertins JW, Backenson BP, Bajwa WI, 
Barbarin AM, Bertone MA, et al. 2018 Multistate infestation with the exotic disease-vector tick 
Haemaphysalis longicornis—United States, August 2017–September 2018. MMWR (Morbidity 
Mortality Weekly Report) 67: 1310–1313. doi:10.15585/mmwr.mm6747a3. [PubMed: 30496158] 
Beldomenico PM, Baldi CJ, Antoniazzi LR, Orduna GM, Mastropaolo M, Macedo AC, Ruiz MF, 
Orcellet VM, Peralta JL, Venzal JM, et al. 2003 Ixodid ticks (Acari: Ixodidae) present at Parque 
Nacional El Rey, Argentina. Neotropical Entomology 32: 273–277.
BurgdorfeR W, Hayes SF, and Thomas LA. 1981 A new spotted fever group rickettsia from the lone 
star tick, Amblyomma americanum In Rickettsiae and Rickettsial Diseases, Burgdorfer W and 
Anacker RL (eds.). Academic Press, New York, New York, p. 595–602.
Burridge MJ 2001 Ticks (Acari: Ixodidae) spread by the international trade in reptiles and their 
potential roles in dissemination of diseases. Bulletin of Entomological Research 91: 3–23. 
[PubMed: 11354992] 
Burridge MJ 2011 Non-native and invasive ticks: Threats to human and animal health in the United 
States. University Press of Florida, Gainesville, Florida, 292 p.
Burridge MJ, Simmons LA, and Allan SA. 2000a Introduction of potential heartwater vectors and 
other exotic ticks into Florida on imported reptiles. Journal of Parasitology 86: 700–704. [PubMed: 
10958443] 
Burridge MJ, Simmons LA, Simbi BH, Peter TF, and Mahan SM. 2000b Evidence of Cowdria 
ruminantium infection (heartwater) in Amblyomma sparsum ticks found on tortoises imported into 
Florida. Journal of Parasitology 86: 1135–1136. [PubMed: 11128494] 
Castro D, M. A, García S GG., Dzul-Rosado K, Aguilar A, Castillo J, Gabster A, Trejos D, Zavala-
Castro J, and Bermúdez C SE. 2015 Questing Amblyomma mixtum and Haemaphysalis juxtakochi 
(Acari: Ixodidae) infected with Candidatus ‘Rickettsia amblyommii’ from the natural environment 
in Panama Canal Basin, Panama. Tropical Medicine and Health 43: 217–222. [PubMed: 
26865823] 
Delisle J, Mendell NL, Stull-Lane A, Bloch KC, Bouyer DH, and Moncayo AC. 2016 Human 
infections by multiple spotted fever group Rickettsiae in Tennessee. American Journal of Tropical 
Medicine and Hygiene 94: 1212–1217. [PubMed: 27022147] 
Eisen RJ, Kugeler KJ, Eisen L, Beard CB, and Paddock CD. 2017 Tick-borne zoonoses in the United 
States: Persistent and emerging threats to human health. ILAR (Institute for Laboratory Animal 
Research) Journal 23: 1–17.
Fitak RR, Kelly DJ, Daniels MK, Jiang J, Richards AL, and Fuerst PA. 2014 The prevalence of 
rickettsial and ehrlichial organisms in Amblyomma americanum ticks collected from Ohio and 
surrounding areas between 2000 and 2010. Ticks and Tick-Borne Diseases 5: 797–800. [PubMed: 
25108789] 
Garcia MV, Matias J, Aguirre Ade A, Csordas BG, Szabo MP, and Andreotti R. 2015 Successful 
feeding of Amblyomma coelebs (Acari: Ixodidae) nymphs on humans in Brazil: Skin reactions to 
parasitism. Journal of Medical Entomology 52: 117–119. [PubMed: 26336294] 
Hermance M, Dos Santos RI, Heinze D, Hausser N, Bouyer DH, and Thangamani S. 2014 Detection 
of Rickettsia amblyommii in ticks collected from Missouri, USA. Emerging Microbes and 
Infections 3: e34. doi:10.1038/emi.2014.31. [PubMed: 26038740] 
Ito K, Taniguchi H, Ohtaki N, Ando S, and Kawabata H. 2018 A first case of tick bite by Amblyomma 
coelebs in Japan. Journal of Dermatology 45: 243–244. [PubMed: 28326613] 
Karpathy SE, Slater KS, Goldsmith CS, Nicholson WL, and Paddock CD. 2016 Rickettsia 
amblyommatis sp. nov., a spotted fever group Rickettsia associated with multiple species of 
Amblyomma ticks in North, Central and South America. International Journal of Systematic and 
Evolutionary Microbiology 66: 5236–5243. [PubMed: 27638476] 
Molaei et al. Page 5
J Parasitol. Author manuscript; available in PMC 2020 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Kato CY, Chung IH, Robinson LK, Austin AL, Dasch GA, and Massung RF. 2013 Assessment of real-
time PCR assay for detection of Rickettsia spp. and Rickettsia rickettsii in banked clinical samples. 
Journal of Clinical Microbiology 51: 314–317. [PubMed: 23135935] 
Keirans JE, and Durden LA. 2001 Invasion: Exotic ticks (Acari: Ixodidae) imported into the United 
States. A review and new records. Journal of Medical Entomology 38: 850–861. [PubMed: 
11761384] 
Labruna MB, and Guglielmone AA. 2009 Ticks of New World tapirs. Tapir conservation. Newsletter 
of the IUCN/SSC, Tapir Specialist Group 18/1, 21–28.
Labruna MB, Pacheco RC, Nava S, Brandão PE, Richtzenhain LJ, and Guglielmone AA. 2007 
Infection by Rickettsia bellii and Candidatus ‘Rickettsia amblyommii’ in Amblyomma neumannii 
ticks from Argentina. Microbial Ecology 54: 126–133. [PubMed: 17264991] 
Labruna MB, Whitworth T, Bouyer DH, Mcbride JW, Camargo LMA, Camargo EP, Popov V, and 
Walker DH. 2004 Rickettsia bellii and Rickettsia amblyommii in Amblyomma ticks from the state 
of Rondônia, Western Amazon, Brazil. Journal of Medical Entomology 41: 1073–1081. [PubMed: 
15605647] 
Lopes MG, Junior JM, Foster RJ, Harmsen BJ, Sanchez E, Martins TF, Quigley H, Marcili A, and 
Labruna MB. 2016 Ticks and rickettsiae from wildlife in Belize, Central America. Parasites & 
Vectors 9: 62. doi:10.1186/s13071-016-1348-1. [PubMed: 26831147] 
Martins TF, Labruna MB, Mangold AJ, Cafrune MM, Guglielmone AA, and Nava S. 2014 Taxonomic 
key to nymphs of the genus Amblyomma (Acari: Ixodidae) in Argentina, with description and 
redescription of the nymphal stage of four Amblyomma species. Ticks and Tick-Borne Diseases 5: 
753–770. [PubMed: 25113984] 
Molaei G, Andreadis TG, Anderson JF, and Stafford III KC. 2018 An exotic hitchhiker: A case report 
of importation into Connecticut from Africa of the human parasitizing tick, Hyalomma truncatum 
(Acari: Ixodidae). Journal of Parasitology 104: 302–305. [PubMed: 29412044] 
Nava S, Venzal J, González Acuña D, Martins T, and Guglielmone A. 2017 Ticks of the Southern 
Cone of America: Diagnosis, distribution and hosts with taxonomy, ecology and sanitary 
importance. Elsevier, London, U.K., 372 p.
Ogden NH, Lindsay LR, Hanincová K, Barker IK, Bigras-Poulin M, Charron DF, Heagy A, Francis 
CM, O’Callaghan CJ, Schwartz I, et al. 2008 Role of migratory birds in introduction and range 
expansion of Ixodes scapularis ticks and of Borrelia burgdorferi and Anaplasma phagocytophilum 
in Canada. Applied and Environmental Microbiology 74: 1780–1790. [PubMed: 18245258] 
Ogrzewalska M, Pacheco RC, Uezu A, Richtzenhain LJ, Ferreira F, and Labruna MB. 2009 Ticks 
(Acari: Ixodidae) infesting birds in an Atlantic rain forest region of Brazil. Journal of Medical 
Entomology 46: 1225–1229. [PubMed: 19769058] 
Ogrzewalska M, Uezu A, and Labruna MB. 2010 Ticks (Acari: Ixodidae) infesting wild birds in the 
eastern Amazon, northern Brazil, with notes on rickettsial infection in ticks. Parasitology Research 
106: 809–816. [PubMed: 20140452] 
Onofrio VC, VenzaL JM, Pinter A, and Szabó MPJ. 2006 Família Ixodidae: Características gerais, 
comentários e chave para gêneros In Carrapatos de Importância Medico–Veterinária da Região 
Neotropical, Barros-Battesti DM, Arzua M, and Bechara GH (eds.). Vox/ICTTD-3/Butantan, São 
Paulo, Brazil, p. 29–39.
Parola P, MatsumotO K, Socolovschi C, Parzy D, and Raoult D. 2007 A tick-borne rickettsia of the 
spotted-fever group, similar to Rickettsia amblyommii, in French Guyana. Annals of Tropical 
Medicine and Parasitology 101: 185–188. [PubMed: 17316505] 
Rainey T, Occi JL, Robbins RG, and Egizi A. 2018 Discovery of Haemaphysalis longicornis (Ixodida: 
Ixodidae) parasitizing a sheep in New Jersey, United States. Journal of Medical Entomology 55: 
757–759. [PubMed: 29471482] 
Reeves WK, Durden LA, and Dasch GA. 2006 A spotted fever group Rickettsia from an exotic tick 
species, Amblyomma exornatum (Acari: Ixodidae), in a reptile breeding facility in the United 
States. Journal of Medical Entomology 43: 1099–1101. [PubMed: 17017252] 
Silveira I, Martins TF, Olegário MM, Peterka C, GuedeS E, Ferreira F, and Labruna MB. 2015 
Rickettsial infection in animals, humans and ticks in Brazil. Zoonoses and Public Health 62: 525–
533. [PubMed: 25643912] 
Molaei et al. Page 6
J Parasitol. Author manuscript; available in PMC 2020 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Sponchiado J, Melo GL, Martins TF, Krawczak FS, Labruna MB, and Cáceres NC. 2015 Association 
patterns of ticks (Acari: Ixodida: Ixodidae, Argasidae) of small mammals in Cerrado fragments, 
western Brazil. Experimental and Applied Acarology 65: 389–401. [PubMed: 25633262] 
Ushijima Y, Oliver JH, Keirans JE, Tsurumi M, Kawabata H, Watanabe H, and Fukunaga M. 2003 
Mitochondrial sequence variation in Carios capensis (Neumann), a parasite of seabirds, collected 
on Torishima Island in Japan. Journal of Parasitology 89: 196–198. [PubMed: 12659332] 
Witter R, Martins TF, Campos AK, melo ALT, Corrêa SHR, Morgado TO, Wolf RW, May-Júnior JA, 
SInkoc AL, Strüssmann C, et al. 2016 Rickettsial infection in ticks (Acari: Ixodidae) of wild 
animals in midwestern Brazil. Ticks and Tick-Borne Diseases 7: 415–423. [PubMed: 26775021] 
Wu X, Rost G, and Zou X. 2016 Impact of spring bird migration on the range expansion of Ixodes 
scapularis tick populations. Bulletin of Mathematical Biology 78: 138–168. [PubMed: 26688012] 
Molaei et al. Page 7
J Parasitol. Author manuscript; available in PMC 2020 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Figure 1. 
(A) Amblyomma coelebs engorged on the back of the patient. (B) Tick bite lesion on the 
patient’s back after removing the tick. Color version available online.
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Figure 2. 
Light microscopy images of the engorged Amblyomma coelebs. (A) Dorsal, (B) ventral, (C) 
ventral close-up of anus, (D) dorsal close-up of capitulum, and (E) ventral close-up of 
capitulum. Color version available online.
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